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m ethod of detecti ng amyloid-like fibrils or protein aggregates 

The present invention relates to methods of detecting the presence of detergent- 
or urea-insolyble amyloid-like fibrils or. protein aggregates on filters. Preferably, 
said fibrils oK. aggregates are indicative of a disease, preferably of a 
neurodegenerative disease such as Alzheimer's disease or Huntington's disease. 
In addition, the prebant invention relates to inhibitors identified by the method of 
the invention, to pharmaceutical compositions comprising said inhibitors and to 
diagnostic compositionsSuseful for the investigation of said amyloid-like fibrils or 
aggregates. \ 

Amyloid-like fibrils and aggregates are found widespread in nature. For example, 
protein aggregates are found as inclusion bodies in bacteria. Such inclusion 
bodies may in particular arise durnag the recombinant expression of proteins in 
bacteria. In addition, a variety of c^seases, both in humans and animals, is 
characterized by the pathogenic formation of amyloid-like fibrils or protein 
aggregates in neuronal tissues. A we^Jmown and typical example of such 
diseases is Alzheimer's disease (AD)| ApLis characterized by the formation of 
neurofibrillar tangles and p-amyloid fibVffs in\the brain of AD patients. Similarly, 
scrapie is associated with the occurrence pf ^scrapie-associated fibrils in brain 
tissue, \ 

Another class of these diseases is characterized by an expansion of CAG repeats 
in certain genes. The affected proteins display a corresponding polyglutamine 
expansion. Said diseases are further characterized by aUate onset in life and a 
dominant pathway of inheritance. \ 

A typical representative of this class of diseases is Hur^ington's disease. 
Huntington's disease (HD) is an autosomal dominant progressive 
neurodegenerative disorder characterized by personality changes, motor 
impairment and subcortical dementia (Harper, 1991). It is assoG;iated with a 
selective neuronal cell death occurring primarily in the cortex a\id striatum 
(Von.sattel et al., 1985). The disorder is caused by a CAG/polyglutamin^ (polygin) 



repeat expansion in the first exon of a gene encoding a large -350 kDa protein of 
unknown function, designated huntingtin (HDCRG, 1993). The CAG repeat is 
highly polymorphic and varies from 6-39 repeats on chromosomes of unaffected 
individuals and 35-180 repeats on HD chromosomes (Rubinsztein et al., 1996; 
Sathasivam et al., 1997). The majority of adult onset cases have expansions 
ranging from 40-55 units, whereas expansions of 70 and above invariably cause 
the juvenile form of the disease. The normal and mutant forms of huntingtin. have 
been shown to be expressed at similar levels in the central nervous system and in 
peripheral tissues (Trottier et al.. 1995a). Within the brain, huntingtin was found 
predominantly in neurons and was present in cell bodies, dentrites and also in the 
nerve terminals. Immunohistochemistry. electron microscopy and subcellular 
fractionations have shown that huntingtin is primarily a cytosolic protein 
associated with vesicles. and/or microtubules, suggesting that it plays a functional 
role in cytoskeletal anchoring or transport of vesicles (DiFiglia et aL. 1995; 
Gutekunst et a!.. 1995; Sharp et al.. 1995) Huntingtin has also been detected in 
the nucleus (de Rooij et a!., 1996; Hoogeveen et aL. 1993) suggesting that 
transcriptional regulation cannot be ruled out as a possible function of this protein. 

In addition to HD. CAG/polygIn expansions have been found in at least six other 
inherited neurodegenerative disorders which include: spinal and bulbar muscular 
atrophy (SBMA). dentatorubral pallidoluysian atrophy (DRPLA), and the 
spinocerebellar ataxias. (SCA) types 1. 2. 3 and 6 (referenced in Bates et al. 
1997). The normal and expanded size ranges are comparable with the exception 
of SCA6 in which the expanded alleles are smaller and the mutation is likely to act 
by a different route. However, in all cases the CAG rpoeat is located within the 
coding region and is translated into a stretch of polygin residues. Although the 
proteins harboring the polygin sequences are unrelated and mostly of unknown 
function, it is likely that the mutations act through a similar mechanism. Without 
exception, these proteins are widely expressed and generally localized in the 
cytoplasm. However, despite overlapping expression patterns in brain, the 
neuronal cell death is relatively specific and can differ markedly (Ross. 1995). 
indicating that additional factors are needed to convey the specific patterns of 
neurodegeneration. 

In the art, there is a variety of methods to determine the presence of amyloid-like 
fibrils or protein aggregates. For example, inclusion bodies in bacteria can be 
made visible microscopically. Further, amyloid-like fibrils such as from Alzheimer's 



disease may be analyzed by complex methodology; see, for example, Booth et al. 
rWure 385 (1997). 787-793, and references cited therein. 

So faK however, a simple method that may be established in any laboratory 
without sophisticated equipment is not available. Such a method would be 
especially ciseful in routine procedures such as the testing of patient samples for 
amyloid-likeNibrils or protein aggregates. Accordingly, the technical problem 
underlying the\resent invention was to provide a rather simple method that may 
routinely be usedkfor the detection of such fibrils or aggregates. The solution to 
said problem is proyided by the embodiments characterized in the claims. 

Thus, the present invention relates to a method of detecting the presence of 
detergent- or urea-insoluhde amyloid-like fibrils 'or protein aggregates on a filter 
comprising the steps of (aO contacting said filter with material suspected to 
comprise said fibrils or aggregates and (b) detecting whether said fibrils or 
aggregates are retained on saidljlter. 

In accordance with the present inverHion. it has surprisingly been found that filters 
of a variety of consistencies may be. employed to retain detergent- or urea- 
insoluble amyloid-like fibrils or protein aggregates on their surface. Essentially, 
only the above-recited two steps are nec^sary in order to investigate whether 
said fibrils or aggregates are present in k sample. The first step comprises 
contacting the filter with material suspected to isomprise said fibrils or aggregates. 
The term "suspected to comprise" is intended tOymean that the investigator may 
start from the assumption that the material incleed contains such fibrils or 
aggregates. Alternatively, said term means that it totally unclear whether the 
material under investigation comprises such fibrils or aggregates. 

It may be appropriate to pretreat the material prior to appt^cation to the filter. For 
example, for the detection of inclusion bodies, it may be- neei^ssafy to first lyse the 
oartftria^and set the cytoplasmic fraction free. Also, it may oe useful to pretreat 
me patient samples prior to application to the filter. Said pre^■eatment may be 
effected, for example by employing proteases. \ 

The detection of fibrils or aggregates that are retained on the filterVthe second 
step) may also be effected by a variety of steps. For. example, detection may be 
effected by Western blot techniques, if an appropriate antibody is available. 
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In a preferred embodiment of the method of the invention, said annyloid-like fibrils 
or protein aggregates are indicative of a disease. 

Of particular advantage is the method of the present invention in the detection of 
amyloid fibrils or protein aggregates that are indicative of human diseases, 
particularly in routine laboratory methods. This embodiment of the method of the 
invention allows the rapid determination of the disease state, if any, of the patient. 
For example, the concentration of amyloid-like fibrils or protein aggregates in 
tissue may be determined by appropriate dilution series. Using automated 
systems, the presence of such fibrils or aggregates per se may be determined for 
a large number of patients on a single filter. A further advantage of the method of 
the invention is that results are available rather quickly. This has also an impact 
on the overalf cost of the detection method, in particular in routine laboratory 
diagnosis. Due to the simple set-up of the method of the invention, a large 
number of routine laboratories, for example in hospitals, can apply the method of 
the invention without the need to acquire expensive equipment such as electron 
microscopes. 

Thus, particularly preferred is the method where said disease is a human disease. 

Further preferred is that said disease is associated with a polyglutamine 
expansion. 

Most preferred is that said disease is Huntington's disease, spinal and bulbar 
muscular atrophy, dentarorubral pallidoluysian atropy, spinocereoellar ataxia 
type-1, -2, -3, -6. or -7, Alzheimer's disease. BSE, primary systemic amyloidosis, 
secondary systemic amyloidosis, senile systemic amyloidosis, familial amyloid 
polyneuropathy I. hereditary cerebral amyloid angiopathy, hemodialysis-related 
amyloidosis, familial amyloid polyneuropathy III, Finnish hereditary systemic 
amyloidosis, type II diabetes, medullary carcinoma of the thyroid, spongiform 
encephalopathies: Kuru, Gerstmann- Straussler-Scheinker syndrome (GSS), 
familial insomnia, scrapie, atrial amyloidosis, hereditary non-neuropathic systemic 
amyloidosis, injection-localized amyloidosis, hereditary renal amyloidosis, or 
Parkinson's disease. 

In particular, these diseases, for which, as a rule, no simple detection method has 
been developed so far, can now be assessed by simple laboratory technology. 



The fitter used in the method of the invention may be any filter with a sufficiently 
: small pore size (0.45 fjm and preferably 0.2 pm or smaller). Preferred is that the 

filter is comprise'd of materia! with low protein absorption, and particularly 
: preferred is that the material with low protein absorption of which said filter is 
^comprised is cellulose acetate. 

A further preferred embodiment relates to a method wherein, prior to step (b). the 
following step is carried out: 

(b') washing said filter so as to remove detergent- or urea-soluble material. 
This embodiment is particularly preferred when enhanced sensitivity of detection 
is required. Such an enhanced sensitivity may be necessary, for example, when 
■ the early onset of one of the above-mentioned diseases is assessed because it is 
f envisaged that at an early stage of any of said diseases a rather low amount of 
fibrils or aggregates may be found in the affected tissue or cells. 
Step (b') may be repeated one or several times. The person skilled in the art is in 
a position to determine appropriate washing conditions without further ado. 
Preferably, the washing buffer comprises 0.1-2% SDS. 4-8M urea, and 0.1-2% 
Triton X-10cF 

Further preferred is in the method of the invention that the detergent- or urea- 
soluble material is simultaneously with or subsequent to step (a), sucked through 
said filter. 

This embodiment is particularly useful when a microtitre plate containing a filter 
membrane or an apparatus for dot-blotting is available. The non-desired 
detergent- or urea-soluble material may be easily removed applying, for example, 
such a dot-blot apparatus. 

In another preferred embodiment of the invention, detection in step (b) is effected 
by an antibody, or (poly)peptide, preferably a tag or an enzyme, or a fragment or 
derivative thereof or a chemical reagent that specifically binds to said fibrils or 
aggregates. 

As regards the antibody, or fragment or derivative thereof, it may be employed in 
the Western blot type assay to determine the presence of said fibrils or 
aggregates. Western blot technology is well-known in the art and need not be 
described here in any more detail. 
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■ In another preferred embodiment of the invention, detection in step (b) is effected 
by electron microscopy, electron scanning microscopy, fluorescence or 
. chemiluminescence. 

: In a further preferred embodiment of the method of the invention, said material is 
derived from tissues or cells of bacteria, yeast, fungi, plants, insects, animals, 
preferably mammals, humans, from a transgenic animal or a transgenic plant. 

In accordance with the present invention, it is additionally preferred that the 
method further comprises the following steps: 

(a*) incubating a fusion protein comprising a (poly)peptide that enhances 
solubility and/or prevents aggregation of said fusion protein, an 
amyloidogenic (poly)peptide that has the ability to self-assemble into 
amyloid-like fibrils or protein aggregates when released from said fusion 
protein and a cleavable site that separates the above-mentioned 
components of the fusion protein in the presence of a suspected inhibitor of 
amyloid-like fibril or protein aggregate formation; and 
(a") simultaneously with or after step (a*), further incubating with a compound 
that induces cleavage at said cleavage site. 
/ This embodiment is particulariy advantageous for elucidating the nr-echanism or 
/ basis of amyloid-like fibril or protein aggregate formation. Namely, it has been 
/ surprisingly found that proteins of the above composition, after cleavage, 
( aggregate under conditions that are, e.g., described in the appended examples. 
I Thus, fibril or aggregate formation may be monitored under varying conditions 
and detected by the filter assay of the present invention. 

(poly)peptide that enhances solubility and/or prevents aggregation is 
preferably glutathione-S-transferase. intein. thioredoxin. dihydroflats reductase, 
chymotrypsin inhibitor II or a functional fragment or derivative thereof A functional 
fragment is a fragment that essentially retains the function of the (poly)peptide. 
Preferred proteins that have the ability of self-assembling to amyloid-like fibrils or 
protein aggregates may be selected from the group consisting or huntingtin. 
androgen receptor, atropin. TATA binding protein, or ataxin-1 ,-2,-3 or -6 or a 
fragment or derivative thereof, amyloid precursor protein (APP). l?)-protein, an 
immunoglobulin light chain, serum amyloid A. transthyretin, cystatin C, Ii2- 
microglobulin. apolipoprotein A-1. gelsoline, islet amyloid polypeptide (lAPP). 
calcitonin, a prion, atrial natriuretic factor (ANF). lysozyme, insulin, llbrinogen. or 
a-synuclein. 
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Incubation conditions may be determined by the person skilled in the art 
according to conventional procedures. The separation of the two components of 
the fusion protein'also includes that either or both components are degraded to a 
certain extent. It is, however, important that the capability of the (poly)peptide that 
has the ability of self-assembling is not lost due to the degradation. 

Preferably, the cleavable site is an enzymatically cleavable site or a chemically 
cleavable site or a site cleavable by intein self-cleavage in the presence of thiols, 
A number of enzymes that site-specifically or non-site-specifically digest 
proteinaceous material is known in the art. Examples of such enzymes are factor 
Xa, thrombin, trypsin, endopeptidases Arg C or Lys C, proteinase K or elastase. 
Depending on the goal of the experiment, any or most of the known enzymes are 
applicable to this test. The same holds true for most of the chemical cleavage 
agents. 

In accordance with the present invention, it is most preferred that the method of 

the invention further comprises, prior to step (b) and after step (a"): 

(a'") incubation with an inhibitor of said compound that induces cleavage. 

This embodiment of the method of the invention allows precise incubation periods 

of the cleaving agent which may be useful, for example, for studying the kinetics 

of aggregation. 

A general oven/iew of the above-recited specific embodiments of the invention 
relating to the cleaving of fusion protein are detailed in Fig. 7. 

It is furthermore particularly preferred that said amyloidogenic (poly)peptide 
comprises a polyglutamine expansion. As has been demonstrated in the 
appended examples, the specific embodiments relating to the cleavage of fusion 
proteins may be_ advantageously employed for determining fibril or aggregate 
formation of proteins that comprise polyglutamine expansions. Accordingly, this 
embodiment is particularly useful for the assessment of the onset or the progress 
of Huntington's disease, spinal and balba muscular atrophy, dentatorubral 
pallidoluysian atrophy and the spinocereberal ataxia types 1, 2, 3 and 6. 

Further particulady preferred is that the polyglutamine expansion comprises at 
least 35, preferably at least 41 , more preferably at least 48 and most preferably at 
least 51 glutamines. 
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jhe length of the polyglutamine expansions appears to be correlated to the 
• susceptibility of humans or animals to the above-recited diseases. In this regard. 

we also refer to the European patent application entitled "Novel composition and 

method for the detection of diseases associated with amyloid-like fibril or protein 
•aggregate formation" filed on the same day with the European Patent Office and 

assigned to the same applicant. The contents of said application are specifically 

incorporated herein by reference. 

Further preferred is in accordance with the present invention that said contacting 
is effected by dotting, spotting or pipetting said material onto said filter. 
This embodiment is particulady useful for an automated application of the 
invention. Additionally, the set-up associated with dot-blotting or spot-blotting 
^allows the investigation of a large number of sample materials as well as the cost- 
conscious application of the method of the invention. This is due to the fact that a 
large number of samples can be assessed for fibril or aggregate formation on one 
and the same filter. 

It is furthermore preferred that the filter is a filter membrane which is optionally or 
preferably contained in a microtitre plate. Additionally preferred is thf$ use of SDS 
as detergent or Triton X-100^for non-p-amyloid aggregates. 

The invention further relates to an inhibitor identified by the mtjthod of the 
invention. While practically any compound class may be tested for inhibitory 
effects, it is preferred that said inhibitor is an antibody or a derivative or functional 
fragment thereof, a peptide or a chemical reagent. 

Furthermore, the present invention relates to a pharmaceutical composition 
comprising the inhibitor of the invention and pharmaceutically acce()table carrier 
and/or diluent. Examples of suitable pharmaceutical carriers are well known in the 
art and include phosphate buffered saline solutions, water, emulsions, such as 
oil/water emulsions, various types of wetting agents, sterile solutions etc. 
Compositions comprising such carriers can be formulated by well known 
conventional methods. These pharmaceutical compositions can be administered 
to the subject at a suitable dose. Administration of the suitable compositions may 
be effected by different ways, e.g., by intravenous, intraperitoneal, subcutaneous, 



intramuscular, topical or intradermal administration. The dosage regimen will be 
determined by the attending physician and other clinical factors. As is well known 
in the medical arts, dosages for any one patient depends, upon many factors, 
including the patient's size, body surface area, age, the particular compound to be 
administered, sex. time and route of administration, general health, and other 
drugs being administered concurrently. A typical dose can be, for example, in the 
range of 0.001 to 1000 pg (or of nucleic acid for expression or for inhibition of 
expression in this range); however, doses below or above this exemplary range 
are envisioned, especially considering the aforementioned factors. Generally, the 
' regimen as a regular administration of the pharmaceutical composition should be 
in the range of 1 pg to 10 mg units per day. If the regimen is a continuous 
infusion, it should also be in the range of 1 pg to 10 mg units per kilogram of body 
weight per minute, respectively. Progress can be monitored by periodic 
assessment. Dosages will vary but a preferred dosage for intravenous 
administration of DNA is from approximately 10^ to 10'^ copies of the DNA 
molecule. The compositions of the invention may be administered locally or 
systemically. Administration will generally be parenterally, e.g., intravenously; 
DNA may also be administered directly to the target site, e.g.. by biolistic delivery 
to an interna! or external target site or by catheter to a site in an artery. 

The therapeutically useful compounds identified according to the method of the 
invention may be administered to a patient by any appropriate method for the 
particular compound, e.g.. orally, intravenously, parenterally, transdermally. 
transmucosally. or by surgery or implantation (e.g.. with the compound being in 
the form of a solid o7 semi-solid 'bidlogicaN^ resorbable matrix) at 

or near the site where the effect of the compound is desired. 

The invention further relates to diagnostic composition comprising 

(i) a fusion protein as defined in the invention. 

Preferably, the diagnostic composition further comprises 

(ii) a filter as defined in the invention optionally or preferably combined in a 
microtitre plate; and optionally 
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(iii) a compound that induces cleavage as defined in any one of the preceding 
claims; and optionally 

(iv) an inhibitor of said compound of (c); and optionally 

(v) suitable buffer solutions. 

The diagnostic composition of the invention may be used for a variety of 
purposes. For example, it may be used for detecting the presence, etiology or 
status of one of the above-mentioned diseases or a corresponding disease state 
in a patient. In addition, it may be used for the development of suitable inhibitors 
of the formation of amyloid-like fibrils or protein aggregates that are preferably, 
but not exclusively, associated with the above-recited disease states. 

^The components of the composition of the invention may be packaged in 
containers such as vials, optionally in buffers and/or solutions. If appropriate, one 
or more of said components may be packaged in one and the same container. 
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TKie figures show: 
FigureM 

SDS-PA^E Analysis of Purified GST and GST-HD Fusion Proteins. 

(a) Aliquots\l5 ml) of eluates from the glutathione agarose column were 
subjected to 12^5 % SDS-PAGE and analyzed by staining with Coomassie blue 
R. Lanes 1-6 corfiain GST, GST-HD20, -HD30, -HD83 and -HD122, respectively; 
lane M contains molecular mass standards, (b) Proteins were transferred to 
nitrocellulose and probed with anti-HD1 antibody. Arrows mark the origin of 
electrophoresis. \ 

^ Figure 2 \ 
Structure of GST-HD fusion Woteins, 

The amino acid sequence corresponding to exon 1 of huntingtin is biDxed. Arrows 
labeled Xa and T indicate cleavage \ites for factor Xa and trypsin, respectively. 

Figure 3 \ 

Site-Specific Proteolysis of GST-HD \Fusion Proteins with Trypsin and 
Factor Xa. \ 

Tryptic digestions were performed at 37^C foXs (a) or 16 h (b). Nc.tive proteins 
and their cleavage products were subjected to\l2.5% SDS-PAGE, blotted onto 
nitrocellulose membranes, and probed with anti-BDI antibody. Arrows mark the 
origin of electrophoresis, (c) Purified fusion proteins and their factor Xa and 
trypsin cleavage products were analyzed using the niter retardation assay. The 
proteins retained by the cellulose acetate and nitroceJIulose membranes were 
detected by incubation with the anti-HDI antibody. \. 

Figure 4 \ 

Electron Micrographs of Native GST-HD Fusion Proteins and their Factor Xa 

and Trypsin Cleavage Products. \ 

Purified GST fusion proteins were protease treated, negatively stained with 
uranyl acetate and viewed by electron microscopy. The undigested GST-HD51 
molecules appear as a homogeneous population of small, round particles (a). 
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Removal of the GST-tag with factor Xa results in the formation of amyloid-like 
fibrils and intermediate structures (b + c). After partial digestion (3 h) of GST- 
:HD51 with trypsin, the ribbons are associated with terminal clots (d, arrow), 
whereas prolonged digestion (16 h) produces ribbons without attached clots (e). 
' Removal of the GST-tag from GST-HD20 shows no evidence for the formation of 
defined structures (f). 

Figure 5 

Birefringence of Protein Aggregates Formed by Proteolytic Cleavage of 
GST-HD51. 

The protein aggregates were stained with Congo red. (a) Bright field, 200x; (b) 
::Polari2ed light, 200x; (c) Polarized light, lOOx. 

Figure 6 

Polygln-Containing Protein Aggregates are Formed in vivo. 

(a) Western blot analysis, after separation by 10% SDS-PAGE, of the nuclear (N) 
and cytosolic (C) protein fractions prepared from brain and kidney of an R6/2 
hemizygous transgenic mouse and a iittermate control. Blots were probed with 
anti-HDI, anti-GAPDH and anti-Fos B antibodies as indicated, (b) Detection of 
HD exon 1 protein aggregates formed in vivo using the cellulose acetate filter 
assay. The membrane was immunostained using the anti-HDI antibody, (c) 
Ultrastructure of a neuronal intranuclear inclusion (Nil). The presence of a Nil in a 
striatal neuron of a 17 month old R6/5 homozygous mouse is shown. The Nil is 
indicated by the large arrow and the fibrillar amyloid-like structures within the Nil 
are indicated by two small arrows. The scale bar is 250 nm. 

Figure 7 

A: Purification of GST-HD fusion proteins containing polyglutamine expansions 

by affinity chromatography 
B: Transfer of soluble GST-HD fusion protein into a microtiter plate using a 

pipetting robot 

C: Transfer of various inhibitors into the microtiter plate using a pipetting robot 
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D: Transfer of a protease to the microtiter plate using a pipetting robot to start 
the formation of insoluble protein fibrils. Incubation of the microtiter plate at 
25°C-37°C to allow fibril formation 

E: Addition of a protease inhibitor to stop the cleavage reaction using a pipetting 
robot 

F: Transfer of the reaction mixtures onto a cellulose acetate (CA) and a 

nitrocellulose membrane (NC) using a spotting robot or a pipetting robot 
G: Washing of the CA membrane with SDS-buffer to remove soluble proteins 

and the NC membrane with blocking buffer 
H: Detection of the proteins bound to the CA and NC membranes by Western 

blot analysis using a specific antibody 
.1: Comparison of the membranes and identification of compounds that block 

fibril formation using specific computer programs 

. Figure 8 

Structure of GST-HD fusion proteins. The amino acids sequence corres[)onding to the 
N-terminal portion of huntingtin is boxed and the amino acids corresponding to the 
biotinylation site are underlined. Arrows labeled (Xa) and (T) indicate cleavage sites 
for factor Xa and trypsin, respectively. 

Figure 9 

Detection of polyglutamine-containing protein aggregates formed in vitro and in 
transfected COS-1 cells using the dot-blot filter retardation assay. (A) :=^urified GST- 
HD20DP and -HD51DP fusion proteins (250 ng) and their factor Xia and trypsin 
deavage'products'were'applied to the filter as indicated; The aggregated proteins 
retained by the cellulose acetate membrane were detected by incubation with the 
anti-HD1 antibody. (B) Scanning electron micrograph of aggregated i3ST-HD51DP 
trypsin cleavage products retained on the surface of the cellulose acetcite membrane 
(Photo: Heinrich Lundsdorf. GBF Braunschweig, Germany). (C) Dot-blot filter 
retardation assay performed on the insoluble fraction isolated from tr^insfected and 
non-transfected COS-1 cells. COS-1 cells were transiently transfected with the 
plasmids pTL1-CAG20, -CAG51 and CAG93 encoding huntingtin exon '\ proteins with 
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20 (HD20), 51 (HD51) and 93 (HD93) glutamines, respectively. The pellet fractions 
obtained after centrifugation of whole cell lysates were subjected to DNasel/trypsin 
digestion, boiled in 2% SDS, and portions of 1, 3 and 6 jal were filtered through a 
-cellulose acetate membrane. The aggregated huntingtin protein retained on the 
imembrane was detected with the anti-HD1 antibody. NT; non-transfected cells. 

Figure 10 

Detection and quantification of aggregates formed in vitro from biotinylated GST-HD 
exon 1 fusion proteins. Various amounts of the fusion proteins GST-HD51 DPBio and 
-HD20DPBio were filtered through a cellulose acetate membrane after a 3-h 
incubation at 37°C in the presence or absence of trypsin as indicated. (A) Images of 
the retained protein aggregates, detected with streptavidin-AP conjugate using either 
a fluorescent (upper panel) or a chemiluminescent AP substrate (lower panel). (B) 
Quantification of signal intensities obtained for the GST-HD51 DPBio dots seen in A.. 
Fluorescence and chemiluminescence values are arbitrary units generated by the 

Lumi-lmager F1 and LumiAnalyst^M software (Boehringer Mannheim). 
Figure 1 1 

Detection (A) and quantification (B) of aggregates formed in vitro from biotinylated 
GST-HD exon 1 fusion proteins using the dot-blot and microtitre plate filter retardation 
assay. Various amounts of the fusion proteins GST-HD51 DPBio and -HD20DPBio 
were filtered through the cellulose acetate membranes after a 3-h incubation at 37^*0 
in the presence or Absence of trypsin as indicated. The detection and quantification of 
the aggregates was as described in Fig. 3. 

Figure 12 

Detection of neurofibrillar tangles (NFTs) and p-amyloids in brain extracts prepared 
from Alzheimer's disease patients and controls using the dot-blot filter retardation 
assay. The cellulose acetate membrane was probed with the polyclonal anti-Tau, the 
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mort©clonal anti-p-amyloid, or the polyclonal anti-HD antibody. A1, A2. and A3: 
protein extraC:te^repared from cerebral cortex of Alzheimer's disease patients; C1, 
C2. and C3: proteirr^^lracts prepared from cerebral cortex of normal individuals. 
GST-HD51, fusion of glutathrSn-eS-transferase and huntingtin exon 1 containing 51 
glutamines. 



Trte examples illustrate the invention: 
; Example 1 : 

Purificatron of GST-HD fusion proteins containing expanded polygins 

, Exon 1 of theNHD gene was isolated from genomic phage clones, derived from the 
normal and expanded alleles of an HD patient (Sathasivam et al., 1997), and 
used for the exptession of GST-HD fusion proteins in E. coli. DNA fragments 
containing CAG refs^ats in the normal (CAG)20-33 and expanded (CAG)37.i3o 
range were cloned Vito pGEX-5X-1 (Pharmacia), and the resulting plasmids 
expressing fusion proteins with 20 (GST-HD20), 30 (-HD30), 51 (-HD51). 83 (- 
D83) and 122 (-HDT22) glutamines, respectively, were used for protein 
rification. For plasmidv construction lambda phage from stock ' 91974 
Sathasivam et al., 1997)\were plated to give single plaques which were 
innoculated into 400 ml culturtes of E. coli XL1-Blue MRF' (Stratagene) for DNA 
preparation. The DNA sequence encoding the N-terminal portion of huntingtin 
(exon 1). including the CAG repdats. was amplified by PGR using the following 
pair of \primers: ES -25" 

(TGGGATCCGCATGGCGACCCTGQAAAAGCTGATGAAGG) copr6sponding to 
nt31 5-343 of the HD gene (HDCrV 1993) and containing a BamHI site 
(underlined) and \ i ES/ 26 

(GGAGTCGACTCACGGTCGGTGCAGCGGCTCCTCAGd) corresponding to 
nt51 6-588 and containing a Sail site (undefined). Conditions for PGR were as 
described (Mangiarini et al. 1996). Due to in\tabiltity of the CAG repeat during 
propagation in E. coli , DNA preparations from individual plaques yielded different 
sized PGR products. Fragments of ~ 320, 36^. 480, and 590 bp were gel- 
purified, digested with BamHI and Sail and inserted into the BamHI-Sall site of 
l^-£_^P'!?_s.si°"_^?.?^^^^^^ (Pharmacia), y^iding pCAG30, pCAG51, 

pCAG83 and pGAG122, respectively. pGAG20, contl^]ngT6"'repeats"or~^X^^ 
within the cloned HD exon 1 sequence, was similarly constructed from a phage 
genomic clone derived from a normal allele. Ail consti^cts were verified by 
sequencing. After induction with IPTG. the resulting proteink were purified under 
native conditions by affinity chromatography on glutathione agfarose. Thus. E. coli 
SCSI (Stratagene) carrying the pGEX expression plasmid of iriterest was grown 
to an ODeoOnm of 0.6 and induced with IPTG (1 mM) for 3.5 h\s described in 
the manufacturer's protocol (Pharmacia). Cultures (200 ml) of indW:ed bacteria 
were centrifuged at 4000 g for 20 min. and the resulting pellets wer\stored at - 



80''C. Cells were thawed on ice and resuspended in 5 ml of lysis buffer (50 mM 
sodium phosphate, 150 mM NaCI, 1 mM EDTA, pH 7.4) containing 0.5 mg/ml 
lysozyme. After 45 min at 0°C, cells were sonicated with two 30 sec-bursts. Octyl- 
P-D-glucopyranoside was then added to a final concentration of 0.1% and the 
: resulting lysate was clarified by centrifugation at 30,000 g for 30 min at 4''C. 
Cleared lysates were incubated for 1 h at 4''C with 500 pi of a 1:1 slurry of 
glutathione-agarose beads (Sigma) that had been washed times and 
resuspended in lysis buffer. The beads were poured into a small column and 
washed extensively with lysis buffer containing 0.1% octyl-p-D-glucopyranoside. 
The bound fusion protein was eluted with 2 ml of 15 mM glutathione (reduced) in 
lysis buffer. Typical yields were 0.5-1 mg of purified GST-HD20, -HD30 and - 
HD51 proteins per 200 ml of bacterial culture; yields of GST-HD83 and -HD122 
were much lower, less than 10% of that obtained with the shorter fusion proteins. 
Protein was determined by the Bio-Rad dye binding assay using bovine serum 
albumin as standard. SDS-PAGE of the purified GST-HD20, -HD30, -HD51, - 
HD83 and -HD122 proteins revealed major bands of 42, 45, 50, 65 and 75 kDa, 
respectively (Fig. la). These bands were also detected when the various protein 
fractions were subjected to immunoblot analysis using the affinity purified anti- 
huntingtin antibody HD1 (Fig. lb, lanes 2-6). HD1 specifically detects the GST- 
HD fusion proteins on immunoblots, whereas the GST-tag alone is net recognized 
(Fig. lb, lane 1). For immunoblotting a bacterial plasmid encoding HDI-His, a 
Hiss-tagged fusion protein containing residues 1-222 of hun:ingtin, was 
generated by inserting a PCR-amplified 17-15 cDNA fragment into the pQE-32 
vector (Qiagen). The fusion protein was expressed in £. co//, afrlnity-purified 
under denaturating conditions on Ni-NTA agarose, and injected into rabbits. The 
resulting immune serum was then affinity-purified against the antigen that had 
been immobilized on Ni-NTA agarose. The GAPDH- and Fos B-spe':ific antisera 
ha ve be en described (Wanker et a!., 1997; Davies et al.. 1997). 

Western blotting was performed as detailed (Towbin et al.. 1979). The blots were 
incubated with 1:1000 dilutions of the indicated primary antibody, followed by an 
alkaline-phosphatase-conjugated secondary antibody. Color development was 
carried out with 5-bromo-4-chloro-3-indolyl phosphate and nitroblue tetrazolium 
as substrates (Promega). 

All recombinant proteins migrated at a size corresponding neariy to that predicted 
from their amino acid sequence. Interestingly, an additional high molecular weight 
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band which remains at the top of the gel, was consistently detected in the protein 
fractions with the longest polyglns (83 and 122 residues; Fig. 1a and b, lane 5 
and 6). This band was most prominent on the immunoblots but was also clearly 
detectable in the Commassie stained gel. This immunoreactive material was often 
still present at the bottom of the loading slots, even after the samples had been 
boiled for 5 min in the presence of 2% SDS and 6 M urea prior to loading. 

Example 2: 

Proteolytic cleavage of GST-HD fusion proteins containing expanded 
polyglns 

It has been shown previously that the solubility of certain proteins can be 
enhanced by the addition of the GST-tag (Smith and Johnson, 1988) and it was 
therefore of interest to determine whether the removal of the GST-tag by 
proteolytic cleavage would have an effect on the solubility of the polygln- 
containing fusion proteins. Potential factor Xa and trypsin cleavage sites within 
the GST-HD fusion proteins are shown in Fig. 2, Factor Xa cleaves between the 
GST-tag and the HD exon 1 protein whereas trypsin removes an additional 15 
amino acids from the N-terminus and a single proline from the C-terminus, both 
proteases leaving the polygln repeat intact. The GST-HD20, -HD30 and -HD51 
proteins were digested with trypsin under conditions designed to remove the 
GST-tag from the fusion protein without it being totally degraded. After cleavage, 
proteins were denatured by boiling in the presence of 2% SDS and analyzed by 
SDS-PAGE and immunoblotting using the anti-HDI antibody. GST-HD20 and - 
HD30 cleavage yielded products migrating in a 12.5 % gel at approximately 30 
and 33 kDa. respectively. In contrast, cleavage of GST-HD51 resulted in the 
formation of two protein products migrating at approximately 37 and 60 kDa. and 
an additional weak immunoreactive band on the bottom of the loading slots was 
also detected (Fig. 3a). This high molecular weight band was more pronounced 
when GST-HD51 was digested with trypsin under conditions in which the GST-tag 
was totally degraded (Fig. 3b). However, with proteins GST-HD20 and -HD30 this 
longer exposure to trypsin produced the same cleavage products as the ones 
seen in Fig. 3a and the high molecular weight products were not obsen/ed. 
Similar results were obtained with factor Xa protease and endoproteinases Arg-C 
and Lys-C. As regards the proteolytic cleavages, the following protocols were 
carried out: The GST-HD fusion proteins purified as described above were 
dialysed against 40 mM Tris-HCl (pH 8.0), 150 mM NaCI. 0.1 mM EDTA and 5% 
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(v/v) glycerol to raise the pH prior to proteolytic cleavage. The proteins were then 
combined with bovine factor Xa (New England Biolabs) or modified trypsin 
(Boehringer Mannheim, sequencing grade) in dialysis buffer containing 2 mM 
CaCl2 at an en2yme:substrate ratio of 1:10 (w/w) or 1:40 (w/w), respectively. 
Incubations with factor Xa were at.25''C for 16 h. Tryptic digestions were 
performed at 37'C for 3 or 16 h as indicated. Digestions were terminated by the 
addition of PMSF to 1 mM . The degree of proteolysis was determined by SDS- 
PAGE followed by staining with Coomassie blue or immunoblottting using anti- 
HD1 antibody. 

We have developed a simple and sensitive filter assay to detect the formation of 
high molecular weight insoluble protein aggregates. This assay is based on the 
finding that the SDS-insoluble protein aggregates obtained by proteolytic 
cleavage of GST-HD51 are retained on a cellulose acetate filter, whereas the 
soluble cleavage products of GST-HD20 and GST-HD30 are not. Factor Xa or 
trypsin digestions of purified GST-HD fusion proteins (10 pg) were performed in a 
20 pi reaction mixture as described above. Reactions were terminated by 
adjusting the mixture to 2% SDS and 50 mM DTT. After heating at 100*^0 for 5 
min, aliqouts (0.5 pi) were diluted into 200 pi of 0.1% SDS and filtered through a 
cellulose acetate membrane (Schleicher & Schuell, 0.2 pm pore v>\ze) using a 
BRL dot blot filtration unit. Filters were washed with water, and the SDS-insoluble 
aggregates retained on the filter detected by incubation with the anti-HD1 
antibody, followed by an anti-rabbit secondary antibody conjugated to alkaline 
phosphatase (Boehringer Mannheim). Fig. 3c shows immunoblots of cellulose 
acetate and nitrocellulose membranes to which the native GST-HD20, -HD30 and 
-HD51 proteins and their factor Xa and trypsin cleavage products have been 
applied. On the cellulose acetate filter, only the cleavage products cf GST-HD51 
were detected by the anti-HDI antibody, indicating the formation of insoluble high 
molecular weight protein aggregates. In contrast, all the uncleax'ed GST-HD 
fusion proteins and their digestion products were detected on the nitrocellulose 
control filter. This assay was also used to detect huntingtin aggregatss present in 
a nuclear fraction from the brain of an R6/2 hemizygous mouse and littermate 
control (see preparation of nuclei below). 
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Examples: 

Huntingtin proteins containing expanded polygins in the pathological range 
aggregate to amyloid-like birefringent fibrils 

Electron microscopy of negatively stained GST-HD51 fractions showed oligomeric 
particles with diameters of 6 to 7 nm (Fig. 4a); no higher ordered aggregates were 
obsen/ed. For electron microscopic observation, the native or protease- 
digested GST-HD fusion proteins were adjusted to a final concentration of 50 
pg/ml in 40 mM Tris-HCl (pH 8.0), 150 mM NaCI, 0.1 mM EDTA and 5% glycerol. 
Samples were negatively stained with 1% uranyl acetate and viewed in a Philips 
CM100 EM. In contrast, protein fractions obtained by proteolytic cleavage of GST- 
HD51 showed numerous clusters of high molecular weight fibrils and ribbon-like 
structures (Fig. 4b, c. d and e), reminiscent of purified amyloids (Prusiner et al., 
1983). The fibrils obtained after digestion with factor Xa showed a diameter of 10- 
12 nm and their length varied from 100 nm up to several micrometers (Fig. 4b and 

c) . In the trypsin-treated samples ribbon-like structures formed by lateral 
aggregation of fibrils with a diameter of 7.7 nm were observed (Fig. 4d and e). 
After treatment with factor Xa or limited digestion with trypsin, clots of small 
particles were frequently detected on one or both ends of the fibrils (Fig. 4b. c and 

d) . These clots of varying sizes and shapes were not seen when GST-HD51 was 
digested with trypsin under conditions in which the GST-tag is totally degraded 
(Fig. 4e), indicating that they contain GST. In strong contrast to GST-HD51. the 
GST-HD20 and -HD30 proteins did not show any tendency to form ordered high 
molecular weight structures, either with or without protease treatment (Fig. 4f). 

The insoluble protein aggregates formed by proteolytic cleavage of GST-HD51 
were isolated by centrifugation and stained with Congo red (Caputo et al., 1992) 
and examined under a light microscope. For light microscopy, peptide aggregates 
formed by trypsin digestion of purified GST-HD fusion proteins (50 pg in 100 pi of 
digestion buffer) were collected by centrifugation at 30,000 g for 1 h and 
resuspended in 10 pi of water. Samples were mixed with 0.1 volume of a 2% 
(w/v) aqueous Congo Red (Sigma) solution, placed on aminoalkylsilane-coated 
glass slides, and allowed to dry overnight under a coverslip. After removing the 
coverslip. excess Congo Red was removed by washing with 90% ethanol. 
Evaluation of the Congo Red staining by polarization microscopy was performed 
using a Zeiss Axiolab Pol microscope equipped with strain-free lenses and 
optimally aligned cross-polarizers. After staining, the protein aggregates on the 
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glass slides were red, indicating that they had bound the dye (Fig. 5a), and when 
examined under polarized light a green color and birefringence were detected 
(Fig. 5b and c). These staining characteristics were similar to those observed for 
prions (Prusiner et al., 1983) and amyloids (Caputo et al., 1992). 

Example 4: 

Huntingtin proteins containing expanded polyglns form amyloid-like protein 
aggregates in vivo 

To determine whether the amyloid-like protein aggregates formed by proteolytic 
cleavage of GST-HD51 in vitro are also present in vivo, nuclear protein fractions 
of brain and kidney were prepared from mice transgenic for the HD mutation (line 
R6/2) and littermate controls (Davies et ah. 1997; Mangiarini et al., 1995). Nuclei 
from the brain or kidney of an R6/2 hemizygous mouse with a repeat expansion of 
(CAG)-|43 (iVlangiarini et al., 1996) at ten weeks of age and littermate control 
were prepared as follows. Whole brain samples (80 mg) in 400 nl of 0.25 M 
sucrose in buffer A (50 mM triethanolamine [pH 7.5], 25 mM KCI, 5 mM MgCl2. 
0.5 mM DTT. 0.5 mM PMSF) were homogenized using 15 strokes of a tight-fitting 
glass homogenizes The homogenate was adjusted to a final concentration of 5 
mM DTT, and centrifuged at 800 g for 15 min. The supernatant was recentrifuged 
at 100.000 g for 1 h, and the supernatant from this centrifugation was taken as 
the cytosolic fraction (fraction C). The loose pellet from the first centrifugation was 
homogenized, diluted to 1.2 ml with 0.25 M sucrose/buffer A, and mixed with two 
volumes of 2.3 M sucrose/buffer A. The mixture was then layered on top of 0.6 ml 
2.3 M sucrose/bufferA in a SW60 tube and centrifuged at 124.000 g for 1 h. The 
pellet was harvested with a spatula, resuspended in 200 jjl of 0.25 M 
sucrose/buffer A and again centrifuged at 800 g for 15 min. The enti 'e procedure 
was carried out at 4 ^'C. The pelleted nuclei were resuspended to a density of - 1 
X 10^ nuclei/ml in 0.25 sucrose/buffer A (fraction N) and stored at -80 "C. Nuclei 
from mouse kidney were prepared in the same way. The protein extracts were 
analyzed by SDS-PAGE and Western blotting using the anti-HD1 antibody (Fig. 
6a). Strikingly, this antibody detected a prominent high molecular wcjight band in 
the nuclear fraction (N) prepared from R6/2 transgenic brain, very similar to the 
high molecular weight band obtained by proteolytic cleavage of GST-HD51 (Fig, 
3b). No such immunoreactive band was detected in the nuclear fraction of brain 
from the littermate control and it was also absent from the corresponding 
cytoplasmic fractions (C). A small amount of high molecular weight material was 
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also detected in the nuclear fraction prepared from R6/2 transgenic kidney, but 
was again absent from the cytoplasmic fraction. The purity of the nuclear and 
cytoplasmic fractions was confirmed by Western blot analysis using the anti-Fos 
B and anti-GAPDH antibodies. Anti-Fos B detected the transcription factor mainly 
in the nuclear fraction, and the enzyme GAPDH was only seen in the cytoplasmic 
fraction, as expected. The Western blot results were reproduced using the 
cellulose acetate filter assay (Fig. 6b). Using this assay, a 10-20 fold higher 
amount of transgene protein was detected in the nuclear fraction isolated from 
brain material, compared to that prepared from kidney. 

The formation of Nils has been shown to preceed the neuronal dysfunction that 
forms the basis of the progressive neurological phenotype observed in the R6 
transgenic lines (Davies et al.. 1997). These Nils are immunoreactive for both 
huntingtin and ubiquitin antibodies and contain the transgene but not the 
endogenous huntingtin protein. Therefore, Western blot analysis using an anti- 
ubiquitin antibody was also performed showing the same pattern of 
Immunoreactivity as had been observed with the anti-HD1 antibody (Fig. 6a), and 
indicating that the high molecular weight transgene protein present in the nuclear 
fraction is ubiquitinated (data not shown). 

To examine whether the Nils containing the proteins huntingtin and ubiquitin 
(Davies et al., 1997) have a fibrous composition, an ultrastructural analysis was 
perl'ormed. Experimentally, a 17 month old R6/5 homozygous mouse ((CAG)i28- 
155) (Mangiarini et al., 1996) was deeply anaesthetised with sodium 
pentobarbitone and then perfused through the left cardiac ventricle with 35-50 ml 
of 4 % paraformaldehyde and either 0.5 % glutaraldehyde in 0.1 M Millonig's 
phosphate buffer (pH 7.4). The brain was removed from the skull and placed in 
fresh JlxativejDvernight at 4 "C. Coronal sections (50 - 200 pm) were cut on an 
Oxford Vibratome (Lancer) and collected in serial order in 0.1 M phosphate buffer. 
After being osmicated (30 min in 1% OSO4 in 0.1 M phosphate buffer) the 
sections were stained for 15 min in 0.1 % uranyl acetate in sodium acetate buffer 
at 4 ''C, dehydrated in ethanols, cleared in propylene oxide and embedded in 
Araldite between two sheets of Melanex (ICI). Semi thin (1 pm) sections were cut 
with glass knives and stained with toluidine blue adjacent to thin sections cut with 
a diamond knife on a Reichert Ultracut ultramicrotome. The sections were 
collected on mesh grids coated with a thin formvar film, counterstained with lead 
citrate and viewed in a Jeol 1010 electron microscope. An electron micrograph of 
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^11 from a 17 month old R6/5 homozygous mouse is shown in Fig. 6c. This Nil 
(laXje arrow) contains high molecular weight fibrous structures which were clearly 
differ^tiated frohn the surrounding chromatin. The filaments were randomly 
oriented>s5-10 nm in diameter and often measured up to 250 nm in length (small 
arrows). Tn^e structures differ from those previously reported in the Nils seen in 
hemizygous K6/2 mice which were far more granular in composition, with 
individual filamehtous structures being more difficult to distinguish (Davies et al., 
1997). R6/2 mice exhibit an earlier age of onset with a more rapid progression of 
the phenotype and dooiot survive beyond 13 weeks (Mangiarini et al., 1996). It is 
possible that the filamerHpus structures do not have time to form in the R6/2 mice. 

Example 5: \ 

Construction of further plas^ids, purification of corresponding GST fusion 
proteins and proleolytic cleavage of GST fusion proteins 

In a second set of experiments, a Further number of plasmids was constructed. 
Standard protocols for DNA manipulations were followed (J. Sambrook. E.F. Fritsch, 
and T. Maniatis, Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold Spring 
Harbor Laboratory Press, Plainview, NY. 19S9). 17-15 cDNA sequences (HDCRG, 
Cell 72, 971 (1993)) encoding the N-terminal portion of huntingtin, including the CAG 
repeats, were ampliljed by PCR using ffoe oligonucleotides ES25 (5'- 
TGGGATCCGCATGGCG \ 

ACCCTGGAAAAGCTGATGAAGG-3') and ES27 (3'-CTCCTCGAGCGGCGG 
TGGCGGCTGTTGCTGCTGCTGCTG-5') as primers andUhe plasmids pCAG20 and 
pCAGSI as template (E. Scherzinger. R. Lurz, M. TruKnaine, L. Iv^argiahni, B. 
Hollenbach, R. Hasenbank. G. P. Bates, S. W. Davies, Fk Lehrach. and E. E. 
Wanker, Cell 90. 549 (1997)). Conditions for PCR were as described (L. Mangiarini, 
K. Sathasivam. M. Seller. B. Cozens. A. Harper, C. Hetheringtdn, M. Lawton. Y. 
Trottier. H, Lehrach. S.W. Davies.. and G.P. Bates, Cell 87, 493 (1996^. The resulting 
cDNA fragments were gel purified, digested with Bam HI and Xho I andVere inserted 
into the Bam H\-Xho I site of the expression vector pGEX-5X-1 (Pharmacna). yielding 
pCAG20DP and pCAG51DP, respectively. The plasmids pCAG2.DDP-^io and 
pCAG51DP-Bio were generated by subcloning the PCR fragments obteined from the 
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lasmids pCAG20 and pCAG51 into pGEX-5X-1-Bio. pGEX-5X-1-Bio was created by 
lig^ion of the oligonucleotides BI01 (5'-CGCTCGAGGGTATCTTCGAGGCCC 
: AGaXgATCGAGT*GGCGATCACCATGAG-3') and BI02 (5'-GGCCGCTCATGGTG 
; ATCGCCACTCGATCTTCTGGGCCTCGAAGATACCCTCGAG-3'), after annealing 
■and digesbon with Xho I, into the Xho \-Not I site of pGEX-5X-1. The plasmids with 
the IT-15 oONA inserts were sequenced to confirm that no errors had been 
introduced by PCR. The construction of plasmids pTL1-CAG20. pTL1-CAG51 and 
pTL1-CAG93 for the expression of huntingtin exon 1 proteins containing 20, 51 and 
93 glutamines in mVnmalian cells has been described (A, Sittler, S. Walter, N. 
Wedemeyer, R. Hasenbank, E. Scherzinger, G. P. Bates, H. Lehrach, and E. E. 
Wanker, MoL Cell , submitted). 

The amino acid sequence ofNthe GST-HD fusion proteins encoded by the E. coli 
expression plasmids pCAG20DPv pCAGSI DP, pCAG20DP-Bio and pCAG51DP-Bio 
is shown in Fig. 8. The plasmids pOAG20DP and pCAG51DP encode fusion proteins 
of glutathione S-transferase (GST) anXthe N-terminal portion of huntingtin containing 
20 (GST-HD20DP) and 51 (-HD51DP) poJyglutamines, respectively. In these proteins 
the proline-rich region located, immediatelyx^ownstream of the glutamine repeat was 
deleted (E. Scherzinger. R. Lurz. M. Trum24ne, L. Margiarini, B. Hollenbach. R. 
Hasenbank, G. P. Bates', S. W. Davies. H, LehrW:h, and E. E. Wanker, Cell 90, 549 
(1997)). The fusion proteins GST-HD20DPBio and\HD51 DPBio are identical to GST- 
HD20DP and -HD51DP, except for the presence of X^biotinyiation site (P. J. Schatz, 
Biotechnology 11 , 1 1 38 (1 993)) at their C-termini. \ 

In the experiments described herein, E. co// DH1 OB (BR^i was used for-piasmid 
construction and E. coli SCSI (Stratagene) was used for the expression of GST-HD 
fusion proteins. Transformation of E. coli with plasmids and ligation mixtures was 
performed by electroporation using a Bio-Rad Gene Puiser \Richmond, OA). 
Transformed cells were spread on LB plates supplemented vXth appropriate 
antibiotics (J. Sambrook. E.F. Fritsch, and T. Maniatis, Molecularv Cloning: A 
Laboratory Manual, 2nd Ed., Cold Spring Harbor Laboratory Press. Plai)wiew, NY. 
1989). For expression of GST fusion proteins, cells were grown in liquid TYViedium 
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(5 g NaCI. 5 g yeast extract, and 10 g tryptone per liter) buffered with 20 mM 
; MOPS/KOH (pH 7.9) and supplennented with glucose (0.2%), thiamine (20 ug/ml), 
J ampicillin (100 ug/ml) and kanamycin (25 ug/ml). 

-The procedure for purification of GST fusion proteins is an adaption of the protocol of 
Smith and Johnson (D. B. Smith and K. S. Johnson, Gene 67, 31 (1988)). Unless 
indicated otherwise, all steps were performed at 0-4 ^'C, 

First, 100 ml TY medium were inoculated with a single colony containing the 
expression plasmid of interest, and the culture was incubated at 37''C overnight with 
shaking. Then. 1.5 liter TY medium were inoculated with the overnight culture and 
^grown at 37^C until an ODeoO of 0-6 was reached. IPTG was added to a final 
concentration of 1 mM, and the culture continued to grow at 37°C for 3.5 h with 
vigorous shaking. The culture was chilled on ice, and the cells harvested by 
centrifugation at 4000 x g for 20 min. 

Cells were washed with buffer A [50 mM sodium phosphate (pH 8), 150 mM NaCI, 
■ and ^ mM EDTA], If neccessary, the cell pellet was stored at -70°C. Cells were 
resuspended in 25 ml buffer A. PMSF and lysozyme (Boehringer Mannheim) were 
added to 1 mM and 0.5 mg/ml, respectively, and incubated on ice for 45 min. Cells 
were lysed by sonication (2 x 45 s, 1 min cooling, 200-300 Watt), and Triton X-IOOj' 
was added to a final concentration of 0.1% (v/v). The lysate was centrifuged at 30.000 
x g for 30 min, and the supernatant was collected. 

"5"rhr6f a"1:1 slurry'15f"GST"agarpse"(Sigma)rprevioas^ in buffer Arwas 

added and the mixture was stirred for 30 min. The slurry was poured into a 1.6 cm 
diameter column, washed once with 40 ml buffer A containing 1 mM PMSF and 0.1 % 

"f>4 

Triton X-100,and twice with 40 ml buffer A containing 1 mM PMSF. The protein was 
eluted with 5 x 2 ml buffer A containing 15 mM reduced glutathione (Sigma). Aliquots 
of the fractions were analyzed by SDS-PAGE and the fractions containing purified 
GST fusion protein were combined. Finally, the pooled fractions \yere dialysed 
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overnight against buffer B [20 nnyV/Tris/HCI (pH 8). 150 mM NaCI, 0.1 mM EDTA and 
; 5 % (v/v) glycerol], aliquotted. freezed in liquid nitrogen and stored at -70°C. 

Typical yields were 10 - 20 nng for GST-HD20DP and -HD51DP and 5-10 nng for 
GST-HD20DPBio and -HD51DPBio per liter of bacterial culture. Protein concentration 
was determined using the Coomassie protein assay reagent fronn Pierce with BSA as 
a standard. 

The GST-huntingtin fusion proteins (2 mg) were digested with bovine factor Xa (New 
England Biolabs) or with modified trypsin (Boehringer Mannheim, sequencing grade) 
at an enzyme/substrate ratio of 1:10 (w/w) and 1:20 (w/w), respectively. The reaction 

■was carried out in 20 jal of 20 mM Tris/HCI (pH 8). 150 mM NaCI and 2 mM CaCl2. 

] Incubations with factor Xa were performed at 25^0 for 16 h. Tryptic digestions were at 
37X for 3 to 16 h. Digestions were terminated by the addition of 20 ul 4% (w/v) SDS 
and 100 mM DTT. followed by heating at 98°C for 5 min. 

As shown in the previous examples, removal of the GST tag from the HD exon 1 
protein containing 51 glutamines (GST-HD51) by site-specific proteolytic cleavage 
results in the formation of high molecular weight protein aggregates, seen as 
characteristic fibrils or filaments on electron microscopic examination. Such ordered 
fibrillar structures were not detected after proteolysis of fusion proteins containing only 
20 (GST-HD20) or 30 (GST-HD30) glutamines. although light scattering 
measurements (Y. Georgalis, E.B. Starikov, B. Hollenbach, R. Lurz. E. Scherzinger, 
W. Saenger. H. Lehrach. and E.E. Wanker, Proc. Natl, Acad. ScL USA 95. 6118 
■ (1 998)) "revealed~that~ some form' ~of aggregation—also "occured 'with these-nonnal 
repeat-length proteins. In the present example, truncated GST-HD exon 1 fusion 
proteins with or without a C-terminal biotinylation tag (P. J. Schatz, Biotechnology'\^, 
1138 (1993) were used. These fusion proteins contain either 20 or 51 glutamines but 
lack most of the proline rich region located downstream of the glutamine repeat (E. 
Scherzinger, R. Lurz, M. Trumaine, L. Margiarini, B. Hollenbach. R. Hasenbank. G. P. 
Bates. S. W. Davies, H. Lehrach. and E. E. Wanker. Cell 90. 549 (1997)). Potential 
factor Xa and trypsin cleavage sites within the GST-HD fusion proteins are shown in 
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Fig. 8. As outlined above, the proteins GST-HD20DP and -HD51DP were expressed 
in E. coli and affinity-purified under native conditions. They were then digested 
overnight with trypsin or faxtor Xa protease to promote the formation of 
polyglutamine-containing huntingtin aggregates. Fig. 9A shows an immunoblot of a 
cellulose acetate membrane to which the native GST-HD20DP and -HD51DP proteins 
and their factor Xa and trypsin cleavage products have been applied. 

To monitor the in vitro formation of polyglutamine-containing aggregates without the 
need for a specific antibody, a modified filter retardation assay was developed. In this 
assay, streptavidin-conjugated alkaline phosphatase (AP) is used to detect the 
insoluble protein aggregates retained on the cellulose acetate filter membrane. 
Streptavidin binds specifically to the biotinylation tag (P. J. Schatz, Biotechnology 11, 
1138 (1993)) that has been added C-terminal to the polyglutamine tract in the fusion 
proteins GST-HD20DPBio and -HD51DPBio (Fig. 7) (see Example 8 for details). Fig. 
10A shows that the modified aggregation assay gives results comparable to those 
obtained with the non-biotinylated fusion proteins in that insoluble aggregates are 
produced from the trypsin-treated GST-HD51DPBio protein but not from the 
uncleaved GST-HD51 DPBio protein or the corresponding 20 repeat Sc.mples. Using 

either fluorescent (AttoPhos"'"'^) or chemiluminescent {CDP-Star^^) :;ubstrates for 
alkaline phosphatase, it is possible to capture and quantify the filter assciy results with 
the Boehringer Lumi-lmager F1 system. With both AP substrates, aggr^jgates formed 
from as little as 5-10 ng of input GST-HD51 DPBio protein were readily detected on 
the cellulose acetate membrane, and signal intensities increased linearly up to 250 ng 
of fusion protein applied to the filter (Fig. 10B). 



Example 6: 

Isolation of amyloid-like protein aggregates from transfected COS-*l cells 

To examine whether polyglutamine-containing aggregates are ciso formed in 
vivo, HD exon 1 proteins with 20, 51 or 93 glutamines (without a GST tag) were 
expressed in COS-1 cells. Whole cell lysates were prepared, and after oentrifugation, 
the insoluble material was collected and treated with DNasel and trypsin to lower the 
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viscosity. The resulting protein mixture was then boiled in SDS and analyzed using 
. the dot-blot filter retardation assay (see Example 8). In more detail, the following 
; experimental protocol was carried out: 

i COS-1 cells were grown in Dulbecco's modified Eagle medium (Gibco BRL) 
■ supplemented with 5% (w/v) fetal calf serum (PCS) containing penicillin (5 U/ml) and 

streptomycin (5 jag/ml), and transfection. was performed as described (A. Sittler, D. 

Devys, C. Weber, and J.-L. Mandel, Hum, Mol, Genet 5. 95 (1996)). 

COS-1 cells transfected with the mammalian expression plasmids pTL1-CAG20, 
pTL1-CAG51 and pTL1-CAG93 were harvested 48 h after transfection. The cells 
: were washed in ice cold PBS, scraped and pelleted by centrifugation (2000 x g, 10 
: min, 4°C). Cells were lysed on ice for 30 min in 500 ml lysis buffer [50 mMTris/HCt 
(pH 8.8), 100 mM NaCI, 5 mM MgCl2. 0.5% (w/v) NP-40, 1 mM EDTA] containing the 
protease inhibitors PMSF (2 mA^, leupeptin (10 ul/ml), pepstatin (10 ng/ml), aprotinin 
(1 ^g/ml) and antipain (50 )ag/ml). Insoluble material was removed by centrifugation 
for 5 min at 14000 rpm in a microfuge at 4°C. Pellets containing the insoluble material 
were resuspended in 100 ml DNase buffer [20 mMTris/HCl (pH 8.0), 15 mM MgCl2], 
and DNase I (Boehringer Mannheim) was added to a final concentration of 0.5 mg/ml 
followed by incubation at Sl'^C for 1 h. After DNase treatment the protein 
concentration was determined by the Dot Metric assay (Geno Technology) using BSA 
as a standard. Eight ^1 1 M Tris/HCI (pH 8.4), 1 i^l 1% (w/v) SDS, 1 ^il 0.2 M CaCl2 
and 10 nl trypsin (0.25 mg/ml) were then added, and the mixture was incubated for an 
additional 4 h at 37°C. Digestions were terminated by adjusting the mixtures to 20 
roM EDTA, 2% (w/v)'sDS and 50 mM DTT, followed by heating at 98"C for 5 min' 

Fig. 9C shows that insoluble protein aggregates are being formed in transfected COS 
cells expressing the HD exon 1 protein with 51 and 93 glutamines but not in COS 
cells expressing the normal exon 1 allele with 20 glutamines or in the non-transfected 
control cells. Thus, as observed in vitro with purified GST fusion proteins, formation of 
high molecular weight protein aggregates in vivo occurs in a repeat length-dependent 
way and requires a polyglutamine repeat in the pathological range. In addition, like 
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the in vitro aggregates, the HD exon 1 aggregates formed in vivo are resistant to 
: digestion with trypsin as well as to boiling in 2% (w/v) SDS. 

Example 7: 

Isolation of amyloid-like protein aggregates from Alzheimer's disease brain 

It has been shown that the neurodegenerative disorder Alzheimer's disease (AD) is 
caused by the the formation of p-amyloids and neurofibrillar tangles (NFTs) mainly 
occuring in the neocortex, hippocampus and amygdala (K. Beyreuther, and C.L. 
Masters. Nature 383, 476 (1996)). To determine whether these structures can be 
detected by the dot-blot filter retardation assay brain extracts of patients and controls 
were prepared and analyzed using the anti-Tau, anti-p-amyloid and anti-HD1 
antibodies. 

Fig. 12 shows that with the anti-Tau and anti-p-amyloid antibodies TJFTs and p- 
amyloids were detected in brain extracts prepared from patients A2 and A3, but not in 
brain extracts prepared from patient A1 and the controls. Clinical studies revealed that 
the patients A2 and A3 had Alzheimer's disease with an intermediate and severe 
intellectual impairment, respectively, whereas patient A1 suffered only from moderate 
intellectual impairment.' This indicates that the results obtained with the filter 
retardation assay correlate with the severity of the disease. Using the HD1 antibody in 
the brain extracts prepared from AD patients and controls no aggregated huntingtin 
protein was detected. However, the antibody reacted with the GST-HDSI protein 
which was used as a positive control. 



Human cerebral cortex (- 500 mg) was homogenized in 2.5 ml of lysis buffer (0.32 M 
sucrose, 1 mM MgCl2. 5 mM KH2PO4, pH 7.0, 1 mM PMSF) using nine strokes of a 
glass homogenlzer. The homogenat was centrifuged for 15 min at 500 > g to remove 
the nuclei. The original supernatant was then centrifuged at 93500 x g for 1 h yielding 
a membrane pellet. The pellet was dissolved in 2 - 5 ml 100 mM Tris-HCI (pH 8), 
0.5% SDS and trypsin (Boehringer Mannheim, sequencing grade) was added to a 
final concentation of 0.05 mg/ml followed by incubation at 37°C overnighit. Digestions 
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were terminated by adjusting the nnixtures to 2% SDS and 50 mM DTT, followed by 
heating at 98°C for 5 min. The mixture was centrifuged for 1 h at 1 10000 x g and the 
resulting pellet was resuspended in 100 \x\ of water. Aliquots (2-10 ul) were then used 
for the analysis with the dot-blot filter retardation assay. 

Example 8: 

Dot-blot filter retardation assay 

The filter assay used to detect polyglutamine-containing huntingtin protein aggregates 
has been described (hereinabove and in E. Scherzinger, R. Lurz, M. Trumaine. L. 
Margiarini, B. Hollenbach, R. Hasenbank, G. P. Bates, S. W. Davies. H, Lehrach, and 
E. E. Wanker, Cell 90, 549 (1997)). Denatured and reduced protein samples were 
prepared as described above, and aliquots corresponding to 50-250 ng fusion protein 
(GST-HD20DP and GST-HD51DP) or 5-30 |ag extract protein (pellet fraction) were 
diluted into 200 0.1% SDS and filtered on a BRL dot blot filtration unit through a 
cellulose acetate membrane (Schleicher and Schueil, 0.2 um pore size) that had been 
preequilibrated with 0.1% SDS. Filters were washed 2 times with 200 |al 0.1% SDS 
and were then blocked in TBS (100 mM Tris/HCI. pH 7.4, 150 mM NaCI) containing 
3% nonfat dried milk, followed by incubation with the anti-HDI (1:1000) (see above 
and E. Scherzinger, R. Lurz, M. Trumaine, L. Margiarint, B. Hoilenbach. R. 
Hasenbank. G. P. Bates, S. W. Davies, H. Lehrach, and E. E. Wanker. Cell 90. 549 
(1997), the anti-Tau (Dako, 1:1000) or the anti-p-amyloid antibody (Dako. 1:300). The 
filters were washed several times in TBS. then incubated with a secondary anti-rabbit 
or anti-mouse antibody conjugated to horse raddish peroxidase (Sigma, 1:5000) 
followed ~bY'ECL"~(Amersham)~detectidn~The''dev "exposed "for 

various times to Kodak X-OMAT film or to a Lumi-lmager (Boehringer Mannheim) to 
enable quantification of the immunoblots. 

For detection and quantification of polyglutamine-containing aggregates generated 
from the protease-treated fusion proteins GST-HD20DPBio and -HD51DPBio, the 
biotin/streptavidin-AP detection system was used. Following filtration, the cellulose 
acetate membranes were incubated with 1% (w/v) BSA in TBS for 1 h at room 
temperature with gentle agitation on a reciprocal shaker. Membranes were then 
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incubated for 30 min vyith streptavidin-alkaiine phosphatase (Promega) at a 1:1000 
dilution in TBS containing 1% BSA, washed 3 times in TBS containing 0.1% (v/v) 
Tween 20 and 3" times in TBS, and finally incubated for 3 min with either the 
fluorescent alkaline phosphatase substrate AttoPhosTM or the chloro-substituted 1.2- 
dioxetane chemiluminescence substrate CDP-SfarTM (Boehringer Mannheim) in 100 
mM Tris/HCI, pH 9.0, 100 mM NaCl and 1 mM MgCl2. Fluorescent and 
chemiluminescent signals were imaged and quantirled with the Boehringer Lumi- 
Imager F1 system and LumiAnalystTM software (Boehringer Mannheim). 

Example 9: 

Microtitre plate filter retardation assay 

^ To process a large number of proteolytic digestion reactions in parallel, a microtitre 
plate filter retardation assay was developed. In this assay a 96-well microtitre plate 
containing a cellulose acetate membrane with a pore size of 0.45 nm (Whatman 
Polyfiltronics) was used for the retention of poiyglutamine-containing protein 
aggregates. 

The following experimental protocol was employed: 

First, 15 jil GST fusion protein solution (200 ^g/ml GST-HD51 DF'Bio or. GST- 
HD20DPBio in buffer P [20 mM Tris/HCI. (pH 8.0), 150 mM NaC!]) and .15 ^1 trypsin 
solution (10 ^ig/ml trypsin (Boehringer Mannheim, sequencing grade) in buffer P) were 
combined in a 96-well Thermo-Fast®96 tube plate (Advanced Biotechnologies LTD) 
"u'sing~anTujItrcfTalT^ incubated^for^ 
16 hours at 37X. Then 30 jal SDS/DTTsolution (4% SDS, 100 mM DTT in buffer P) 
were added to each well, the plate was sealed with a microtitre plate isealer (Biostat 
LTD) and the plate was heated in a 96-well MasterCycler (Eppendorf-Netheler-Hinz) 
for 5 min at gS^'C. 

The sealing was removed and 50 ul of the reaction mix were transferred into each 
well of a new 96-well microtitre plate containing a 0.45 yim cellulose acetate 



membrane, pre-equilibrated with 0.1% (w/v) SDS, using a multi channel pipette. For 
equilibration of the cellulose acetate membrane, the microtitre plate was placed into 
the QIAvac Manifoid-96 (Qiagen) and 200 u! 0.1% SDS was pipetted into each well of 
the plate. Vacuum was then applied until the SDS solution had passed through the 
filter. Prior to addition of the protein solution, each well of the filter plate was 
preloaded with an additional 200 ul of 0.1% SDS. The diluted protein solution was 
then filtered through the membrane by applying vacuum. 

The filterplate was washed with 2 x 200 ul 0.1% SDS and 2 x 200 ml TBS (100 mM 
Tris/HCI (pH 7.4), 150 mM NaCi). Vacuum was used to remove wash solutions from 
the membrane. 200 |al 0.2% (w/v) BSA in TBS were pipetted into each well of the 
; filterplate, and the plate was incubated for 1 h at room temperature (RT) (blocking). 
Blocking buffer was removed by pipetting. 

Next. 200 111 streptavidin alkaline phosphatase (1:1000, Promega) in 0.2% (w/v) 
BSA/TBS were added to each sample, and the filterplate was incubated for 1 h at RT. 
Streptavidin AP buffer was removed by pipetting. The filterplate was washed with 3 x 
200 pil TTBS [100 mA^ Tris/HCI (pH 7.4), 150 mM NaCI, 0.1% (v/v) Tween 20] and 3 x 
200 ul TBS. Vacuum was used to remove wash solutions. 

200 III detection buffer (50 mMTris/HCi (pH 9.0). 500 mM NaCI, 1 mM Mg CI2) were 
added to each sample, incubated for 1 min and vacuum was applied to remove the 

buffer. 200 ^1 Attophos™ (10 m/W AttoPhos™) in detection buffer were pipetted into 
each well of the filterplate, incubate d for 1 h at RT, vacuum was applied to remove 
the buffer, and the fluorescence emission of each well was measured with the 
CytoFluor®4000 (Perseptive Biosystems) at 485+/-20 (excitation) and 530 +/-25 
(emission). Finally, the resultant images were analysed with CytoFluor 4.1 software 
and MS Excel 7.0. 

As expected from the text set of experiments, using fusions of GST and the full-length 
HD exon 1 protein, only the cleavage products of GST-HD51DP were retained by the 
filter and were detected by the huntingtin-specific antibody HD1, indicating the 
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formation of high molecular weight HD51DP aggregates from this fusion protein. 
Scanning electron microscopy of the material retained on the surface of the 
membrane revealed bunches of long fibrils or filaments (Fig. 9B), which were not 
detected after filtration of the uncleaved GST-HD51DP preparation or the protease- 
treated GST-HD20DP preparation. These results indicate that an elongated 
polyglutamine sequence but not the proline rich region in the HD exon 1 protein is 
necessary for the formation of high molecular weight protein aggregates in vitro. 

Essentially, the same results as with the dot blot filter retardation assay were obtained 
when the fusion proteins GST-HD20DPBio and -HDSIDPBio were analysed with the 
microtitre plate filter retardation assay, indicating that this assay can be used for the 
high throughput isolation of chemical compounds from chemical libra -ies (Fig. 11 A 
and B). 
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